Abstract. Provision of portable drinking water is of public health concern especially in developing countries where this is unavailble. The bacteriological quality of well water in Wukari metropolis was examined. A total of fifteen samples, five from each of the three wards (Puje, Hospital and Avyi) in Wukari were analyzed for total bacteria load, total coliform and presence of bacteria species using standard microbiological techniques. The result showed that the total viable count of bacteria in all the samples ranged from 0.86×10 4 cfu/ml (W5A) to 3.04×10 4 cfu/ml (W14P). Total coliform ranged from 0.24×10 2 cfu/ml (W5A) to 1.84×10 2 cfu/ml (W13P). Bacteria isolated showed that Staphylococcus aureus was isolated from samples W1A, W2A, W3A, W4A, W8H, W9H, W12P and W13P, Pseudomonas species was present in W1A, W3A, W4A, W7H and W15P, Escherichia coli was isolated from W1A, W5A, W7H, W8H, W9H, W11P and W14P, Klebsiella species and Enterococcus species were isolated from W2A and W3A, W6H and W10H respectively. Salmonella species was present in W2A, W10H, W11P and W14P, Enterobacter species present in W5A, W13P and W15P while Proteus species was isolated from samples W6H, W7H, W8H, W12P and W15P. The occurrence of the organisms showed that Staphylococcus aureus was the highest (53.33%) followed by Escherichia coli (46.67%), Pseudomonas species and Proteus species (33.37%), Salmonella species (26.67%), Enterobacter species (20.00%) while Klebsiella species and Enterococcus species were the least with 13.33% occurrence respectively. The study has shown high level of bacterial contamination in all the samples. Hence, the need for well maintenance and hygienic practices by households to reduce the risk of disease outbreak from the organisms encountered in this study.
INTRODUCTION
Availability of potable public water supply is of great concern to families and communities especially in developing countries where provision of safe drinking water is not available (Umeh et al., 2005; Okonko et al., 2008) . Lack of safe drinking water is a threat to public health and wellbeing of the people and exposes them to risk of water borne diseases such as diarrheal and dysentery as well as chemical intoxication (Hughes and Koplan, 2005; Agbabiaka and Sule, 2010) . Therefore drinking water contaminated from any source is of primary importance due to the danger and risk of water borne diseases (Gambo et al., 2015) . Contamination by bacterial genera such as Salmonella, Klebsiella, Shigella, Escherichia etc. are responsible for diseases such as typhoid, dysentery, cholera, diarrhea, gastroenteritis etc (Gambo et al., 2015) .
According to the reports of WHO (2005) and Hughes and Koplan (2005) , an estimated 1.1 and 2.6 billion persons lack access to clean water and adequate sanitation respectively. Also, reports have indicated the effect of unsafe water on young children especially in the developing countries. More than 2 million persons, mostly children, die of diarrheal disease (Kosek et al., 2003; Parashar et al., 2003; Agbabiaka and Sule, 2010) . In 1997, the World Health Organization reported that 40% of deaths in developing countries occur due to infection from water related diseases and estimated 500 million cases of diarrhea occurs every year in children below 5 years in parts of Asia, Africa and Latin America (WHO, 2011; Gambo et al., 2015) .
Well water is regarded as a reliable source of water supply due to the fact that it is often unpolluted as a result of restricted movement of pollutants in the soil profile (Gambo et al., 2015) in contrast to shallow and permeable water aquifers (Adejuwon and Mbuk, 2011; Gambo et al., 2015) . Many communities in Nigeria including Wukari depend on wells water as their major source of water supply. Cases of water borne diseases such as typhoid, cholera and diarrhea are increasing in many parts of the country (Idowu et al., 2011) . Therefore, the aim of this study was to determine the bacteriological quality of well water samples in Wukari, Nigeria.
MATERIALS AND METHODS

Study Area and Sampling.
The study was conducted in Wukari, a town located in the Southern part of Taraba State, Nigeria. It is one of the largest local Government area of the State with three wards. Well water constitutes the major source of drinking, bathing and other domestic purposes in this area. Most of the wells under study were privately owned and are usually open to general public. Drawing of water from these wells is done by the use of 5 -10 litre containers tied to a long rope. The wells are not less than 4 years old. Samples were collected from the three wards (Avyi, Puje and Hospital) of the local Government area between January and August, 2016. Water samples from fifteen wells, five from each of the wards were randomly collected for bacteriological analysis.
Collection of Water Samples
Water samples were collected in sterile bottles from the various wells following a method described by Ngwa and Chrysanthus (2013) with slight modification. The sterile bottles were tied with a strong string to a piece of metal of about 400 g. The bottles caps were aseptically removed and the weighted bottle lowered into the well to a depth of about 1.5 meters. The bottle was brought up to a surface and covered with a screw cap ensuring no air bubbles inside.
Bacteriological analysis
Bacteria count
Each of the water samples was serially diluted on a ten-fold dilution. Exactly 1 ml of a 10-3 dilution each of the samples was inoculated into a molten nutrient agar using pour plate technique. This was properly mixed and allowed to set, and then incubated at 37°C for 24 hours. The resulted colonies were counted and result expressed as cfu/ml.
Presumptive Coliform Test
The presumptive coliform test was carried out according to the method of Collins and Lynne (1976) and Mackie and McCartey (1989) as described by Ngwa and Chrysanthus (2013) . Here, varying amounts of water sample were added to double and single strength MacConkey broth in sterile tubes as follows. 3 × 10 ml water sample to 5 ml double strength medium 3 × 1 ml water sample to 3 ml single strength medium 3 × 0.1 ml water sample to 3 ml single strength medium The tubes were incubated at 37°C for 24 -48 h. These were examined for production of acid and gas. Sterile distilled water was used as a negative control for each test batch. Presumptive coliform count was obtained by the most probable number (MPN) of coliform per 100 ml of water sample by making reference to the most probable number table after combination of various positive and negative results (Ngwa and Chrysanthus, 2013) .
Identification of Isolates
Positive tubes of the presumptive test were subcultured on Eosin methylene blue (EMB) agar for enumeration of coliforms and nutrient agar. All the inoculated media were incubated at 37°C for 24 h. The pure cultures obtained were characterized using, colonial, microscopy, biochemical and sugar fermentation tests as described by Cowan and Stell (1996) and Okereke and Kanu (2004) .
RESULTS AND DISCUSSIONS
The total viable count of bacteria in all the samples ranged from 0.86 × 10 4 cfu/ml (W5A) to 3.04 × 10 4 cfu/ml (W14P). The total coliform count of the well water samples ranged from 0.24 × 10 2 cfu/ml (W5A) to 1.84 × 10 2 cfu/ml (W13P) ( Table 1) . The percentage occurrence of the organisms isolated from the well samples showed that Staphylococcus aureus was the most common (53.33%) followed by Escherichia coli (46.67%), Pseudomonas species and Proteus species with 33.37% occurrence respectively, Salmonella species (26.67%), Enterobacter species (20.00%) while Klebsiella species and Enterococcus species were the least with 13.33% occurrence respectively (Figure 1) .
Contamination of water sources have been reported by several authors as a medium of disease outbreak and spread in developing countries and rural areas (WHO, 1996; Olowe et al., 2005) . In wukari where the present study was carried out, treated pipe-borne water and public water supply is inexistent. Alternatively, the populace uses boreholes and wells (for individuals that cannot afford the cost of digging boreholes) for drinking and domestic purposes. Proteus species, Enterobacter species, Pseudomonas species W = Well samples (1-15); A = avyi, H = hospital, P = puje
In the present study, the total viable bacterial count which ranged from 0.86 × 10 4 cfu/ml to 3.04 × 10 4 cfu/ml was high and exceeded the recommended limit of <500 cfu/ml. This observation is similar to the work of Ngwa and Chrysanthus (2013) on well water sources in the Bambui student residential area, who reported viable count of bacteria in the range of 0.2 -7.3 × 10 4 cfu/ml. The high bacteria count is an indication that the various water sources are high contaminated bacteria which could be of public health concern. The high values could be attributed to runoff water that enters some of the wells during raining seasons and particles from the environment which gain access into the wells from time to time.
The total coliform count of the well water samples in the present study ranged from 0.24 × 10 2 cfu/ml to 1.84 × 10 2 cfu/ml. These values are high when compared with the permissible MPN index by world Health Organization of 10 coliforms/100ml of water sample. This observation is consistent with the reports of Krishnan et al. (2007) , Ngwa and Chrysanthus (2013) and Gambo et al. (2015) who reported high coliform counts in all well and borehole water analyzed. The high number of total coliforms could be due to inadequate maintenance of the well water as many of the wells are uncovered. It can also be attributed to percolation of sewage into the ground water sources (Gambo et al., 2015) .
The well water in the present study were highly contaminated with one or more of the following isolates, Staphylococcus aureus, Escherichia coli, Pseudomonas species, Proteus species, Salmonella species, Enterobacter species, Klebsiella species and Enterococcus species. Most of these organisms are potential pathogens of the coliform group. Similar findings has been recorded by Ngwa and Chrysanthus (2013) who reported the presence of Escherichia coli, Klebsiella species, Enterobacter species, Proteus mirabilis and Salmonella species from well water. Also similar organisms have been reported by Idowu et al. (2011) on well water samples from Shagamu. According to the reports of Bonde (1997) and Akeredolu (1991) , any water used for drinking or cleaning purposes should not contain bacteria of faecal origin. Therefore, the presence of coliform bacteria such as Escherichia coli and Enterococcus species in some of the well water samples makes them unfit for drinking or human consumption (WHO, 1996) . The presence of Salmonella species, Staphylococcus aureus, Pseudomonas species, Proteus species and Klebsiella in some of the well water samples under study are of public health importance. This may be due to improper hygienic practices around the area. It could also be attributed to drainage and flooding from contaminated surface water into the wells Idowu et al. (2011) . Also, the presence of these organisms may be due to openness and shallowness of the wells which allows easy entrance of particles from the surroundings or drawing water from the wells with contaminated containers as noted by Ngwa and Chrysanthus (2013) . 
CONCLUSION
The bacteriological analysis of the well water samples in the present study showed a high level of bacteria load. The coliform count exceeded the acceptable limit which makes the water unsuitable for drinking and cleaning. Also, bacteria isolated from the various samples are mostly of enteric organisms which are potential pathogens of public health concern. Hence, there is need for well water maintenance, environmental sanitation around the well areas and hygienic practices by the households and individuals to help reduce the risk of disease outbreak that could result due to the organisms encountered in this study.
